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CONTROLLING TRANSISTOR THRESHOLD
POTENTIALS USING SUBSTRATE
POTENTIALS

BACKGROUND OF THE INVENTION

Field of the Invention

The mvention concerns an integrated circuit that has
control units for controlling the threshold potentials of its
transistors.

A circuit of this kind 1s described mm U.S. Pat. No.
5,874,851. Because of fluctuations in the process of manu-
facturing integrated circuits, the transistors of the integrated
circuit are subject to parameter fluctuations. According to
U.S. Pat. No. 5,874,851, the threshold potentials of the field
clfect transistors must be controlled 1 order to compensate
for the fluctuations. In this way it 1s possible to compensate
both the process fluctuations arising during manufacture and
also the temperature effects occurring during operation of
the circuit. In the solutions described m U.S. Pat. No.
5,874,851, control of the potential of the n-well 1s exercised
independently of control of the potential of the p-well.

Since most subcircuits of an integrated circuit include
both n-channel transistors and p-channel transistors, the
function of such a subcircuit 1s dependent on the threshold
potentials of both types of transistor. Because every control
has a specific transient response, 1t can occur with the
independent control of the threshold potentials of the two
transistor types as described in U.S. Pat. No. 5,874,851, that
the transient response of the two controls or their response
to 1nterferences can have different chronological character-
istics. However, this exerts influences on the functioning of
the subcircuit.

SUMMARY OF THE INVENTION

It 1s accordingly an object of the invention to provide an
integrated circuit with control of the threshold potentials of
its transistors that overcomes the above-mentioned disad-
vantages of the prior art devices of this general type.

With the foregoing and other objects in view there 1s
provided, 1n accordance with the invention, an integrated
circuit containing first transistors of a first conductivity type
having a first threshold potential and substrate terminals for
receiving a first substrate potential. Second transistors of a
second conductivity type having a second threshold poten-
fial and substrate terminals for receiving a second substrate
potential are also provided. A first control unit 1s connected
to the first transistors for controlling the first threshold
potential. The first control unit has a first input for a required
value of the first threshold potential, a second input for an
actual value of the first threshold potential, and an output
connected to the substrate terminals of the first transistors. A
second control unit 1s connected to the second transistors for
controlling the second threshold potential. The second con-
trol unit has a first 1nput receiving a required value of the
second threshold potential, a second iput receiving an
actual value of the second threshold potential, and an output
connected to the substrate terminals of the second transis-
tors. The required value of the second threshold potential is
proportional to the actual value of the first threshold poten-
fial of the first transistors.

In the mtegrated circuit according to the mmvention a first
control unit serves for controlling the threshold potential of
the transistors of the first conductivity type and a second
control unit serves for controlling the threshold potentials of
transistors of the second conductivity type. The second
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control unit 1s supplied with a required value for the thresh-
old potential of the transistors of the second conductivity
type, which 1s proportional to the contribution to the
required value of the threshold potential of the transistors of
the first conductivity type. Thus the control of the threshold
potential of the transistors of the second conductivity type 1s
a control which 1s dependent on the control through the first
control unit. In this way 1t 1s achieved that the threshold
potential of the transistors of the second conductivity type 1s
modified 1n dependence of the threshold potential of the
transistors of the first conductivity type. This 1n turn
achieves alignment of the chronological behavior of the two
control units. Since the relationship of the threshold poten-
tials of the transistors of different conductivity types influ-
ences the switching characteristics of subcircuits containing
transistors of both conductivity types (both the digital
switching characteristics and the analog amplification 1n the
case of subcircuits which perform an amplifying function),
it 1s achieved through the invention that these switching
characteristics are independent of fluctuations 1n process
parameters during the manufacture of the integrated circuit
or of disturbances arising during their operation.

The switching characteristics of a subcircuit are essen-
tially dependent on the saturation currents flowing in the
transistors it contains. These currents depend on the thresh-
old potential of the transistors. The switching speed and the
working symmetry of such kinds of subcircuit are especially
dependent on the relationship of the threshold potentials of
the different types of transistor. As a result of the invention,
both the switching speed and also the working symmetry
(i.c. the switching characteristics) of the integrated circuit
become 1ndependent of interfering influences.

The integrated circuit can, for example, contain a differ-
ential amplifier that includes transistors of both conductivity
types. The relationship of the threshold potentials of the
transistors 1s especially relevant for the way in which
differential amplifiers function.

In accordance with an added feature of the invention, a
first supply terminal and a second supply terminal are
provided. The second control unit has a third transistor of the
first conductivity type with a controllable path, a first
terminal, a second terminal and a gate terminal. The gate
terminal of the third transistor 1s connected to the second
terminal of the third transistor. The second control unit has
a fourth transistor of the second conductivity type with a
controllable path, a gate terminal, a first terminal, and a
second terminal. The controllable path of the third transistor
and the controllable path of the fourth transistor are disposed
In a series circuit between the first supply terminal and the
second supply terminal. The gate terminal of the fourth
transistor 1s connected to the second terminal of the fourth
transistor. A comparison unit 1s provided and has a first input
connected to a circuit node between the controllable path of
the third transistor and the controllable path of the fourth
transistor and a second input receiving a comparison value.
The comparison unit has an output and generates an output
signal. A generator 1s connected to the output of the com-
parison unit and outputs the second substrate potential for
the second transistors. The generator generates the second
substrate potential in dependence on the output signal from
the comparison unit.

With the foregoing and other objects in view there 1s
further provided, in accordance with the invention, an inte-
orated circuit containing a first supply terminal, a second
supply terminal, and a differential amplifier. The differential
amplifier includes a first transistor of a first conductivity
type and has a controllable path, a gate terminal, a substrate
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terminal for receiving a first substrate potential, and a first
threshold potential; a second transistor of the first conduc-
fivity and has a controllable path, a gate terminal, a substrate
terminal for receiving the first substrate potential, and the
first threshold potential; and a third transistor of a second
conductivity type and has a controllable path, a gate
terminal, a substrate terminal for receiving a second sub-
strate potential, and a second threshold potential. The con-
trollable path of the first transistor and the controllable path
of the third transistor are disposed 1n series between the first
supply terminal and the second supply terminal. A fourth
transistor of the second conductivity type 1s provided and
has a controllable path, a gate terminal, a substrate terminal
for receiving the second substrate potential, and the second
threshold potential. The controllable path of the second
transistor and the controllable path of the fourth transistor
are disposed 1n series between the first supply terminal and
the second supply terminal. A first signal mput terminal 1s
connected to the gate terminal of the first transistor and to
the gate terminal of the third transistor. The first signal 1nput
terminal 1s further connected to a circuit node between the
second transistor and the fourth transistor. A second signal
input terminal 1s connected to the gate terminal of the second
transistor and to the gate terminal of the fourth transistor.
The second signal input terminal 1s further connected to a
circuit node between the first transistor and the third tran-
sistor. A first control unit for controlling the first threshold
potential of the first transistor and the second transistor 1s
provided. The first control unit has a first input for a required
value of the first threshold potential, a second input for an
actual value of the first threshold potential, and an output
connected to the substrate terminal of each of the first
transistor and the second transistor. A second control unit for
controlling the second threshold potential of the third tran-
sistor and the fourth transistor is provided. The second
control unit has a first input receiving a required value of the
second threshold potential, a second iput receiving an
actual value of the second threshold potential, and an output
connected to the substrate terminal of each of the third
transistor and the fourth transistor. The required value of the
second threshold potential 1s proportional to the actual value
of the first threshold potential.

Other features which are considered as characteristic for
the 1nvention are set forth 1n the appended claims.

Although the 1nvention 1s 1llustrated and described herein
as embodied 1n an integrated circuit with control of the
threshold potentials of its transistors, 1t 1s nevertheless not
intended to be limited to the details shown, since various
modifications and structural changes may be made therein
without departing from the spirit of the invention and within
the scope and range of equivalents of the claims.

The construction and method of operation of the
invention, however, together with additional objects and
advantages thereot will be best understood from the follow-
ing description of specific embodiments when read 1n con-
nection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of an integrated circuit accord-
ing to the invention with two control units for controlling
threshold potentials of transistors;

FIG. 2 1s a circuit diagram of a differential amplifier,
which 1s a component of the circuit 1llustrated in FIG. 1; and

FIG. 3 1s a circuit diagram of a second control unit from
FIG. 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In all the figures of the drawing, sub-features and integral
parts that correspond to one another bear the same reference
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symbol 1 each case. Referring now to the figures of the
drawing 1n detail and first, particularly, to FIG. 1 thereof,
there 1s shown an outline diagram of an integrated circuit
according to the invention. The circuit has p-channel tran-
sistors T3, T4 in an n-well nw and n-channel transistors T1,
T2 1n a p-well pw. The circuit has a first control unit C1 for

controlling a threshold potential of the n-channel transistors
11, T2. The control of a threshold potential of the p-channel
transistors 13, T4 1s effected through a second control unit
C2. A required value VIn__, 1s supplied to the first control
unit C1, which required value can also be modifiable 1n
some exemplary embodiments of the invention. A threshold
potential VIn,_ of the n-channel transistors i1s supplied to
the first control unit C1 as an actual value. Depending on the
control deviation it determines between the required value
and the actual value, the control unit C1 generates a control
parameter being a substrate potential Vpw at its output for

the p-well pw.

The threshold potential VIp,. . of the p-channel transistors
13, T4, which are formed in the n-well nw, 1s supplied to the
second control unit C2 as the actual value. As the required
value for the threshold potential of the p-channel transistors,
a value 1s supplied to the second control unit C2, which 1s
proportional to the actual value VIn,, of the n-channel
transistors. At 1ts output, which 1s connected with the
n-doped well nw, the second control unit C2 generates a

substrate potential Vnw as a control parameter.

FIG. 2 shows an exemplary embodiment of a differential
amplifier which has the n-channel transistors 11, T2, which
are disposed 1n the p-well pw 1n FIG. 1, and the p-channel
transistors T3, T4, which are disposed 1n the n-well nw 1n
FIG. 1. The n-channel transistors contain a first transistor T1

and a second transistor T2. The p-channel transistors contain
a third transistor T3 and a fourth transistor T4. Controllable

paths of the third transistor T3 and the first transistor T1 are
disposed 1n series between a positive supply potential VCC
and ground. The controllable paths of the fourth transistor
T4 and the second transistor T2 are also disposed 1n series
between the positive supply potential VCC and ground. Gate
terminals of the first transistor T1 and the third transistor T3
are connected with a first input BL and with drains of the
second transistor 12 and fourth transistor T4. The gate
terminals of the second transistor T2 and fourth transistor T4
are connected with a second 1input /BL and with drains of the
first transistor T1 and third transistor T3.

The differential amplifier amplifies a differential signal
between its two inputs (bit lines) BL, /BL. The substrate
terminals of the p-channel transistors T3, T4 are in the
n-well nw and are therefore connected with the substrate
potential Vnw generated by the second control unit C2. The
substrate terminals of the n-channel transistors T1, T2 are 1n
the p-well pw and are therefore connected with the substrate

potential Vpw, which 1s generated by the first control unit
C1.

Because, as described above, the control of the threshold
potential of the p-channel transistors T3, T4 1s dependent on
the threshold potential of the n-channel transistors T1, T2,
defined switching characteristics are achieved for the dif-
ferential amplifier. The switching characteristics are particu-
larly independent of process fluctuations during the manu-
facture of the circuit. Therefore, a differential amplifier of
this kind 1s also suitable for the amplification of very small
differential signals. It can thus be used, for example, as a
read amplifier in integrated memories including dynamic
random access memories. In this case each of its two 1nputs
BL, /BL 1s connected with one bit line of a bit line pair of
the memory.

™
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Before sources of the transistors T1 to T4 are connected
in FIG. 2 with the supply potentials VCC, ground, one of the
memory cells of the DRAM 1is read out so that a differential
signal 1s set on the bit lines BL, /BL. Then, in order to
amplily this, the supply potentials are connected with the
transistors as illustrated in FIG. 2 (over circuit elements
which are not shown). This results in an activation of the
differential amplifier. As a result of the control according to
the invention, this occurs 1n such a way that both the
p-channel transistors T3, T4 and the n-channel transistors
11, T2 have the same switching characteristics. An even
amplification of the differential signal therefore takes place,
although all the transistors T1 to T4 are connected simulta-
neously with the supply potentials VCC, ground. In prior art
read amplifiers for DRAMSs, the read amplifier must be
connected with the corresponding supply potential before
the transistors of the other conductivity type are connected
with the other supply potential, because of the asymmetrical
switching characteristics of the different types of transistor
in the read amplifier. Consequently, these read amplifiers of
prior art function more slowly than the differential amplifier
whose substrate potentials are controlled according to the
invention.

FIG. 3 shows an exemplary embodiment of the second
control unit C2 from FIG. 1. The positive supply potential
VCC 1s connected to ground over a first resistor R1, a sixth
transistor 16 of p-channel type, a fifth transistor TS of
n-channel type and a second resistor R2. A gate and a drain
of the transistors T35, T6 are connected respectively with
cach other. A substrate terminal of the n-channel transistor
T3 1s connected with the output of the first control unit C1
and a substrate terminal of the p-channel transistor T6 1s
connected with the output of the second control unit C2. The
fifth transistor TS and the sixth transistor T6 1n FIG. 3 have
exactly the same dimensions as the corresponding n-channel
transistors T1, T2 and p-channel transistors T3, T4 respec-

tively in FIG. 2.

In addition, the gate terminals of the transistors TS5, T6 are
connected with a first compare mput of a comparator CMP.
Also, a potential divider formed of two resistors R3, R4 1s
disposed between the positive supply potential VCC and
oround. A central takeoll of the potential divider supplies a
comparison value REF, which 1s connected with a second
compare 1nput of the comparator CMP. A potential generator
VGEN produces the substrate potential Vow for the n-well
in dependence on the output signal of the comparator CMP.

The potential divider from the two transistors T35, T6 and
the two resistors R1, R2 supplies a potential at the first
compare 1nput of the comparator which 1s dependent on the
relationship of the threshold potentials VIp, ., VIn, , of the
transistors T3, T6. The required value for the second control
unit C2 1s thus dependent on the actual value VIn, , of the
threshold potential of the n-channel transistors T1, T2,
multiplied by a factor derived from the ratios R1/R2 and
R3/R4 of the four resistors in FIG. 3. In the event R1=R2 and

R3=R4 (1.e. REF=VDD/2), this required value for the
p-channel transistors 11, T2 1s equal to the actual value
VTn, _ of the n-channel transistors T1, T2. The proportion-
ality factor between the required value and the actual value
1s then equal to 1. If the resistance relationships deviate from
this, the required value has a different proportionality factor
to the actual value VTIn,,..

We claim:

1. An integrated circuit, comprising:

first transistors of a first conductivity type having a first

threshold potential and substrate terminals for receiv-

ing a first substrate potential;
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second transistors of a second conductivity type having a

second threshold potential and substrate terminals for
receiving a second substrate potential;

a first control unit connected to said first transistors for

controlling the first threshold potential, said first con-
trol unit having a first mnput for a required value of the
first threshold potential, a second 1nput for an actual
value of the first threshold potential, and an output
connected to said substrate terminals of said first tran-
sistors; and

a second control unit connected to said second transistors

for controlling the second threshold potential, said
second control unit having a first mput receiving a
required value of the second threshold potential, a
second 1nput receiving an actual value of the second
threshold potential, and an output connected to said
substrate terminals of said second transistors, and the
required value of the second threshold potential is
proportional to the actual value of the first threshold
potential of said first transistors.

2. The mtegrated circuit according to claim 1,

including a first supply terminal;

including a second supply terminal;

wherein said second control unit has a third transistor of

said first conductivity type with a controllable path, a
first terminal, a second terminal and a gate terminal,
said gate terminal of said third transistor connected to
sald second terminal of said third transistor;

wherein said second control unit also has a fourth tran-

sistor of said second conductivity type with a control-
lable path, a gate terminal, a first terminal, and a second
terminal, said controllable path of said third transistor
and said controllable path of said fourth transistor
disposed 1n a series circuit between said first supply
terminal and said second supply terminal, said gate
terminal of said fourth transistor connected to said
second terminal of said fourth transistor;

including a comparison unit having a first input connected

to a circuit node between said controllable path of said
third transistor and said controllable path of said fourth
transistor and a second input receiving a comparison
value, said comparison unit having an output and
generating an output signal; and

including a generator connected to said output of said

comparison unit and outputting the second substrate
potential for said second transistors, said generator
generates the second substrate potential 1n dependence
on the output signal from said comparison unit.

3. An integrated circuit, comprising:

a first supply terminal;
a second supply terminal;

a dif

‘erential amplifier, including;

a first transistor of a first conductivity type and having,
a confrollable path, a gate terminal, a substrate
terminal for receiving a first substrate potential, and
a first threshold potential;

a second transistor of said first conductivity and having,
a controllable path, a gate terminal, a substrate
terminal for receiving the first substrate potential,
and the first threshold potential;

a third transistor of a second conductivity type and
having a controllable path, a gate terminal, a sub-
strate terminal for receiving a second substrate
potential, and a second threshold potential, said
controllable path of said first transistor and said
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controllable path of said third transistor disposed in
series between said first supply terminal and said
second supply terminal;

a fourth transistor of said second conductivity type and
having a controllable path, a gate terminal, a sub-
strate terminal for receiving the second substrate
potential, and the second threshold potential, said
controllable path of said second transistor and said
controllable path of said fourth transistor disposed 1n
serics between said first supply terminal and said
second supply terminal;

a first signal mmput terminal connected to said gate

terminal of said first transistor and to said gate

terminal of said third transistor, said first signal input
terminal further connected to a circuit node between
said second transistor and said fourth transistor;

a second signal input terminal connected to said gate
terminal of said second transistor and to said gate
terminal of said fourth transistor, said second signal
input terminal further connected to a circuit node
between said first transistor and said third transistor;
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a first control unit for controlling the first threshold

potential of said first transistor and said second
transistor, said first control unit having a first input for
a required value of the first threshold potential, a
second mput for an actual value of the first threshold
potential, and an output connected to said substrate
terminal of each of said first transistor and said second
transistor; and

a second control unit for controlling the second threshold

potential of said third transistor and said fourth
transistor, said second control unit having a first input
receiving a required value of the second threshold
potential, a second 1nput receiving an actual value of
the second threshold potential, and an output connected
to said substrate terminal of each of said third transistor
and said fourth transistor, and the required value of the

second threshold potential 1s proportional to the actual
value of the first threshold potential.
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